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METHOD FOR FORMING AN INTER-ILAYER
DIELECTRIC LAYER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a method for forming an inter-
layer dielectric layer, and more particularly, to a method for
forming a second inter-poly dielectric layer.

2. Description of the Related Art

In a integrated circuit having a high integration, in addi-
fion to a first polysilicon layer used as word lines, there 1s at
least a second polysilicon layer to form a functional struc-
ture such as bit lines or capacitors. When the second
polysilicon layer 1s formed, an inter-poly dielectric (IPD)
layer 1s then formed thereon to 1solate from an upper device
such as an 1nterconnect or a third polysilicon layer.
However, due to the second polysilicon layer having a
greater thickness (especially when a capacitor is formed), a
planarization process and an etching back process are nor-
mally performed to form a planarized second polysilicon
layer.

FIG. 1A through FIG. 1C are schematic, cross-sectional
views showing a conventional process for forming a second
inter-poly dielectric layer according to the prior art.

Referring to FIG. 1A, a substrate 100 1s provided, and
then a first polysilicon layer 102, a first inter-layer dielectric
layer 104 and a second polysilicon layer 106 are formed on
the substrate 100. Then, a second IPD layer 108 1s formed
on the resulting structure. Due to the difference 1n height
between the second polysilicon layer 106 and the first
inter-layer dielectric layer 104, the second IPD layer 108 as
formed has an undulating surface, as shown i1n FIG. 1A.
Thus, a spin-on glass (SOG) layer 110 is further formed
thereon to generate a uniform surface.

Referring to FIG. 1B, the SOG layer 110 and the second
IPD layer 108 are etched back to entirely remove the SOG
layer 110 and partially remove the second IPD layer 108;
thus, the surface of the second IPD layer 108 1s planarized.

Referring to FIG. 1C, a silicon nitride layer 114 and an
oxide layer 116 are formed on the planarized second IPD
layer 108 1n sequence; thus, an inter-layer dielectric layer 1s
completed. The distance from a top surface of the second
polysilicon layer 106 to a top surface of the planarized
second IPD layer 108 1s denoted as a reference numeral 112.

However, according to the prior art, 1n the step of etching,
the SOG layer 110 and the second IPD layer 108 back, a time
mode 1s adopted; that 1s, the processing time of etching is
predetermined. Thus, once the schedule 1s completed, the
ctching 1s terminated.

The time mode 1s readily influenced by deviation in
deposited thickness and improper control 1n etching rate.
Thus, the desired thickness of the dielectric layer etched
cannot be properly provided. Therefore, conventionally, the
present method to prevent excessive etching 1s to deposit an
assured thickness (the reference number 112 in FIG. 1B) in
order to prevent the second IPD layer 108 from being lower
than the surface of the second polysilicon layer 106 due to
deviation 1n process. However, the assured thickness on the
second polysilicon layer 106 increases difficulty 1n subse-
quently etching the dielectric layer because the etching
depth 1s 1ncreased.

SUMMARY OF THE INVENTION

The invention provides an effective method of controlling,
the thickness of the second IPD layer. The method can
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prevent the second IPD layer from being lower than the
second polysilicon layer due to deviation in process. In
addition, increasing the thickness of the second IPD layer 1s
not required; thus, the etching depth does not increase.

As described above, a method for forming an inter-layer
diclectric layer 1s provided. A substrate 1s provided.
Sequentially, first polysilicon lines, a first inter-layer dielec-
tric layer, and a plurality of second polysilicon lines are
formed on the substrate. A second inter-layer dielectric layer
1s formed between the second polysilicon lines and covers
the second polysilicon lines. A spin-on glass layer 1s formed
on the second inter-layer dielectric layer. Using upper sur-
faces of the second polysilicon lines as etch end points, the
spin-on glass layer and the second inter-layer dielectric layer
are etched back to entirely remove the spin-on glass layer
and partially remove the second inter-layer dielectric layer
over the second polysilicon lines. Subsequently, a cover
layer 1s formed to cover the second polysilicon lines and the
remainder of the mter-layer dielectric layer. An oxide layer
1s formed to cover the resulting structure.

It 1s to be understood that both the foregoing general
description and the following detailed description are
exemplary, and are intended to provide further explanation
of the mvention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A through FIG. 1C are schematic, cross-sectional
views showing a process for forming a inter-poly dielectric
layer on a second polysilicon layer according to the prior art;
and

FIG. 2A through FIG. 2C are schematic, cross-sectional
views showing a process for forming a second inter-poly
dielectric layer according to the mvention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 2A through FIG. 2C are schematic, cross-sectional
views showing a process for forming a second inter-poly
dielectric layer according to the mvention.

Referring to FIG. 2A, a substrate 200 1s provided, and
then first polysilicon lines 202 such as word lines, a first
inter-layer dielectric layer 204 and second polysilicon lines
206 such as bit lines or capacitors are formed on the
substrate 200. A second IPD layer 208 1s formed on the
resulting structure. For example, a silicon oxide layer is
formed as the second IPD layer 208 by an atmospheric
chemical vapor deposition to a thickness of about
6000—-10000 A thick. The second IPD layer is preferably
about 8000 A. Due to the difference between the second
polysilicon layer 206 and the first inter-layer dielectric layer
204 1n height, the second IPD layer 208 as formed has an
undulating surface, as shown 1 FIG. 2A. A SOG layer 210
1s then formed by, for example, a typical spin-coating to a
thickness of 4000-6000 A on the second IPD layer 208 to

ogenerate a uniform surface. In addition, a borophosphosili-
cate glass (BPSG) may replace the SOG.

Referring to FIG. 2B, using a top surface of the second
polysilicon layer 206 as an etching end point, the SOG layer
210 and the second IPD layer 208 are etched back until the
second polysilicon layer 206 1s exposed. Preferably, 1n this
embodiment, the SOG layer 210 1s entirely removed while
the second IPD layer 1s partially removed and levels with the
second polysilicon layer 206. The second IPD layer 208 is
the planarized. The method using the second polysilicon
layer 206 as the etching end point 1s, for example, end point
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detection. For example, the signal of carbon monoxide (CO)
at the wavelength of 219 nm 1s monitored 1n the method.
Once the second polysilicon layer 206 1s exposed during
ctching, the intensity of the signal fluctuates and the etching
stops. The end point detection can accurately control the
ctching end point at which the second polysilicon layer 206
1s exposed.

When the second IPD layer 208 is etched back, once the
second polysilicon layer 206 1s exposed, the mtensity of the
signal of carbon monoxide (CO) at the wavelength of 219
nm decreases and the etching exactly stops on the second
polysilicon layer 206. Therefore, no matter how the thick-
ness of the second IDP layer 208 and the thickness SOG
layer 210 are changed, or how the etching rate 1s changed,
the result 1s not influenced thereby. Thus, the thickness of the
second IPD layer 1s accurately controlled.

Referring to FIG. 2C, a cover layer 214 and an oxide layer
216 arc formed on the resulting structure in sequence; thus,
an 1nter-layer dielectric layer 1s formed. The cover layer 214
1s, for example, a silicon nitride layer formed by a chemical
vapor deposition (CVD) to a thickness of about 60-100 A,
and preferably about 86 A. The oxide layer 216 1s formed by,
for example, a LPCVD to a thickness of about 1000-3000
A, and preferably about 2000 A.

Conventionally, in etching the second IPD layer back,
since the etching end point 1s determined by the time mode
which 1s readily influenced by deviation in deposited thick-
ness and improper control 1 etching rate, the desired
thickness of the etched second IPD layer 1s not attained. If
the thickness of the dielectric layer on the second polysilicon
layer 1s increased, the difficulty for subsequently etching the
dielectric layer 1s increased because the etching depth is
increased.

According to this invention, the second IPD layer 1s
ctched back while employing end point detection. End point
detection can accurately control the etching end point at
which the second polysilicon layer 1s exposed, prevent the
second IPD layer from being lower than the second poly-
silicon layer due to deviation 1n process, and does not
increase the thickness of the second IPD layer and the
ctching depth of etching the dielectric layer. Although the
end point detection has been applied to other semiconductor
processes, this 1s the first application of end point detection
to the process of etching the second IPD layer back.

Other embodiments of the invention will appear to those
skilled 1n the art from consideration of the specification and
practice of the invention disclosed herein. It 1s intended that
the specification and examples be considered as exemplary
only, with a true scope and spirit of the invention being

indicated by the following claims.
What 1s claimed 1is:

1. A method for forming an inter-layer dielectric layer,
comprising:
providing a substrate on which a plurality of first poly-
silicon lines, a first inter-layer dielectric layer on the
substrate and the first polysilicon lines, and a plurality
of second polysilicon lines on the {first inter-layer
dielectric layer are formed;

forming a second inter-layer dielectric layer to cover the
second polysilicon lines and fill spaces between the
second polysilicon lines;

forming a spin-on glass layer on the second inter-layer
dielectric layer;

etching back the spin-on glass layer and the second
inter-layer dielectric layer using a top surface of the
second polysilicon lines as etching end points;
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4

forming a cover layer on the second polysilicon lines and
portions of the second inter-layer dielectric layer
remaining between the second polysilicon lines; and

forming an oxide layer on the cover layer.
2. The method of claim 1, wherein the second inter-layer
dielectric layer comprises a silicon oxide layer having a

thickness of about 6000-10000 A.

3. The method of claim 1, wherein the method to form the
second 1nter-layer dielectric layer comprises atmospheric
chemical vapor deposition.

4. The method of claim 1, wherein the spin-on glass layer
has a thickness of about 4000-6000 A.

5. The method of claim 1, wherein a borophosphosilicate
olass can replace the spin-on glass layer.
6. The method of claim 1, wherein the cover layer has a

thickness of about 60-100 A.

7. The method of claim 1, wherein the oxide layer has a
thickness of about 1000-3000 A.

8. The method of claim 1, wherein the method to form the
oxide layer comprises a low pressure chemical vapor depo-
sition.

9. The method of claim 1, wherein the method adopted to
ctch the spm-on glass layer and the second inter-layer
dielectric layer using the upper surface of the second poly-
silicon lines as etching end points 1includes end point detec-
tion.

10. The method of claim 9, wherein the method adopted
to etch the spin-on glass layer and the second inter-layer
dielectric layer, while using the upper surface of the second
polysilicon lines as etching end points, comprises monitor-
ing a signal of carbon monoxide at a wavelength of 219 nm
so that once the second polysilicon lines are exposed an
intensity of the signal 1s changed and the etching 1s stopped.

11. A method for forming an inter-layer dielectric layer
comprising:

providing a substrate on which a plurality of first poly-

silicon lines, a first inter-layer dielectric layer, and a
plurality of second polysilicon lines are formed;

forming a second inter-layer dielectric layer to cover the
second polysilicon lines and fill spaces between the
second polysilicon lines;

forming a spin-on glass layer on the second inter-layer
dielectric layer;

ctching the spin-on glass layer and the second inter-layer
dielectric layer until the second polysilicon lines 1is
exposed;

forming a cover layer on the second polysilicon lines and

a remainder of the second inter-layer dielectric layer;
and

forming an oxide layer on the cover layer.

12. The method of claim 11, wherein the method adopted
to etch the spin-on glass layer and the second inter-layer
dielectric layer, while using the upper surface of the second
polysilicon lines as etching end points, comprises monitor-
ing a signal of carbon monoxide at a wavelength of 219 nm
so that once the second polysilicon lines are exposed, an
intensity of the signal 1s changed and the etching 1s stopped.

13. The method of claim 11, wherein the second inter-
layer dielectric layer comprises a silicon oxide layer having
a thickness of about 6000—10000 A.

14. The method of claim 11, wherein the method to form
the second inter-layer dielectric layer comprises an atmo-
spheric chemical vapor deposition.

15. The method of claim 11, wherein the spin-on glass
layer has a thickness of about 4000-6000 A.

16. The method of claim 11, wherein a borophosphosili-
cate glass can replace the spin-on glass layer.
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17. The method of claim 11, wherein the cover layer has
a thickness of about 60-100 A.

18. The method of claim 11, wherein the oxide layer has
a thickness of about 1000-3000 A.

19. The method of claim 11, wherein the method to form
the oxide layer comprises a low pressure chemical vapor
deposition.

20. A method for forming an inter-layer dielectric layer,
comprising:

providing a substrate on which a plurality of first poly-

silicon lines, a first interlayer dielectric layer on the
substrate and the first polysilicon line, and a plurality of
second polysilicon lines on the first inter-layer dielec-
tric layer are formed;

forming a second inter-layer dielectric layer to cover the
second polysilicon lines and fill spaces between the
second polysilicon lines;

forming a spin-on glass layer on the second inter-layer
dielectric layer;

ctching back the spin-on glass layer and the second
dielectric layer until the spin-on glass 1s completely
removed and the second dielectric layer i1s partially
removed using a top surface of the second polysilicon
lines as an etching end point;

forming a cover layer on the second polysilicon lines and
on the second inter-layer dielectric layer between the
second polysilicon lines; and

forming an oxide layer on the cover layer.
21. The method of claim 20, wherein the etching of the
spin-on glass layer and the second 1nter-layer dielectric layer

comprising;:
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monitoring a signal of carbon monoxide;

stopping the etching when an intensity of the signal 1s
changed.
22. The method of claim 21, wherein the signal of carbon
monoxide 1s at a wavelength of 219 nm.

23. Atfabrication method for an inter-layer dielectric layer
comprising:

providing a substrate on which a plurality of first poly-

silicon lines, a first interlayer dielectric layer, and a

plurality of second polysilicon lines are formed
thereon;

forming a second 1nter-layer dielectric layer on the second
polysilicon lines and fill spaces between the second
polysilicon lines;

forming a spin-on glass layer on the second inter-layer
dielectric layer;

ctching the spin-on glass layer and the second inter-layer
dielectric layer until an intensity of a signal of carbon
monoxide monitored at a wavelength 219 nm has
changed; and

forming a cover layer on the second polysilicon lines and

on a remainder of the second inter-layer dielectric layer.

24. The method of claim 23, wherein the intensity of the

signal of carbon monoxide monitored at a wavelength 219

nm has changed when the second polysilicon lines are
exposed.
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